Abstract. Prostate cancer (PCa) is common in Western populations and the second leading cause of cancer-related mortality among males in North America, with an increasing morbidity in China and other Asian countries. The aim of this study was to evaluate the protein expression of autophagy-related genes Beclin-1 and LC3 in patients with prostate cancer (PCa) and benign prostatic hyperplasia (BPH) and elucidate their association with p53 and Bcl-2. The total protein of 34 PCa and 50 BPH samples was extracted and the expression of Beclin-1 and LC3 was analyzed by western blotting assay. Subsequently, a total of 96 paraffin-embedded BPH tissue samples was subdivided into 2 groups, one group in which patients had received 5α-reductase inhibitor, due to its effect of androgen ablation, and the control group, in which patients had not received the 5α-reductase inhibitor. The samples were randomly collected and examined using immunohistochemical (IHC) analysis. The western blot analysis demonstrated that Beclin-l and LC3 expression was higher in BPH tissues compared to PCa tissues (P<0.001). There was no statistically significant difference between PCas of different Gleason scores (P>0.05). The result of IHC revealed that Beclin-l and LC3 expression in the group of patients who had received the 5α-reductase inhibitor was significantly higher compared to that in the control group; however, the expression of Bcl-2 and p53 was lower (P<0.05). Beclin-1 expression exhibited a negative correlation with Bcl-2 (r=-0.402, P<0.001), whereas LC3 expression exhibited a positive correlation with Beclin-1 (r=0.345, P=0.001) and a negative correlation with Bcl-2 (r=-0.216, P=0.035). It was suggested that autophagy-related genes Beclin-l and LC3 may be involved in the development and progression of PCa. In addition, the expression of these genes was higher in patients with BPH who had received a 5α-reductase inhibitor, due to androgen reduction. As a result, the induced autophagy may reduce the risk of PCa.
Introduction
Prostate cancer (PCa) is common in Western populations and is the second leading cause of cancer-related mortality among males in North America (1) . Over the last few years, the morbidity of PCa in China and other Asian countries has also been on the increase (2) . Drug therapy or surgery is currently undesirable. Therefore, further investigation is required to elucidate the mechanisms underlying the development, progression and prevention of PCa, in order to enable the design of novel treatment strategies.
Autophagy is a conserved evolutionary process that is associated with numerous cell responses (3) and is one of the main forms of protein degradation through the lysosomal pathway. Autophagy is involved in the majority of long half-life protein degradation. Cells are able to recycle amino acids and other macromolecular materials for biosynthesis through the process of autophagy (4) . Normal cells possess the autophagic ability to clear chemical carcinogens and organelles, mainly mitochondria, that have been damaged due to radiation or oxidative stress, thereby protecting cell DNA against damage from reactive oxygen species, ensuring hereditary stability and reducing the incidence of cell malignant transformation. Thus, autophagy is crucial in maintaining genome stability (4) (5) (6) . Autophagy has been extensively studied in Saccharomyces cerevisiae, particularly at the genetic level, leading to identification of the autophagy-related Apg and Aut genes, now collectively referred to as Atg genes (7, 8) . LC3 is the mammalian equivalent of yeast Atg8. It exists in two forms, LC3-I and its proteolytic derivative LC3-II (18 and 16 kDa, respectively), which are localized in the cytosol (LC3-I) or in autophagosomal membranes (LC3-II be used to estimate the abundance of autophagosomes prior to their destruction through fusion with lysosomes (9, 10) . In addition, Beclin-1 is the mammalian orthologue of yeast Atg6 (11) . Beclin-1 localizes to the trans-Golgi network, belongs to the class III phosphatidylinositol 3-kinase complex and is involved in autophagosome formation (12) . It was suggested that androgen deprivation may induce an autophagic process in LNCaP cells, possibly causing PCa cells to become androgen-independent (13, 14) . However, our study aimed to investigate the role of autophagy-related genes Beclin-1 and LC3 in PCa and benign prostatic hyperplasia (BPH) using western blot and immunohistochemical (IHC) analyses. . Briefly, the slides were rehydrated and antigen retrieval was performed by microwave for 15 min in citrate buffer. The slides were incubated in 3% hydrogen peroxide for 30 min to block endogenous horseradish peroxidase (HRP) activity, followed by incubation with normal goat serum in PBS for 60 min at room temperature. The slides were then incubated with the primary antibody (dilution 1:100) at 4˚C overnight. Subsequently, the slides were incubated with biotin-labeled anti-rabbit IgG and preformed avidin-biotin peroxidase complex. The slides were then counterstained with hematoxylin, dehydrated and mounted.
Materials and methods

Study
Evaluation of degree of antibody reactivity. The slides were investigated at a magnification of x400 and a strong brown staining was identified in the nuclei for p53 and in the cytoplasm for LC3, Beclin-1 and Bcl-2. The proportion of positively-stained cells was determined in a minimum of five fields of view. The expression in all the specimens was classified by two pathologists in our institute according to the criteria of Ohuchida et al (15) and the percentage of stained normal or neoplastic epithelial cells was scored as follows: 0, no cells stained; 1, <20% of cells stained; 2, 20-75% of cells stained; and 3, >75% of cells stained. The intensity of immunoreactivity was graded on a scale of 0-3. The total score was the product of the scores for the intensity and extent of staining. Negative cases had a score of 0, weakly positive cases had a score of 1-3, moderately positive cases had a score of 4-6 and strongly positive cases had a final score of >6.
Statistical analysis.
For the results of IHC and western blot analysis, the Mann-Whitney U test was used to analyze the statistical contrast of different groups. The correlation coefficients (r and P-values) among LC3, Beclin-1, Bcl-2 and p53 status were obtained using the Spearman's test. P<0.05 was considered to indicate a statistically significant difference. Statistical analyses were performed using SPSS software, version 11.5 (SPSS Inc., Chicago, IL, USA).
Results
Expression of Beclin-1 and LC3.
To confirm the role of Beclin-1 and LC3 in the development and progression of PCa, we investigated their expression by western blot analysis. The average relative expression value of Beclin-1 in BPH was 2.09±0.12 and that of LC3 was 1.38±0.04. The average relative expression value of Beclin-1 and LC3 in PCa was 0.77±0.06 and 0.84±0.03, respectively. The statistical analysis demonstrated that the expression of Beclin-1 and LC3 was stronger in BPH compared to that in PCa (P<0.001) ( Figs. 1 and 2 ). In addition, the Gleason scores of the 34 PCa samples ranged from 6 to 8, with no statistically significant differences between scores (P>0.05).
To determine the frequency of expression of the different types of autophagy-related proteins in BPH between patients who had received the 5α-reductase inhibitor and the control group and its correlation with autophagy-related genes and tumor-related genes, the expression of LC3, Beclin-1, Bcl-2 and p53 was investigated via IHC analysis. The results are presented in Fig. 3 . Figure 1 . Verification of the expression of Beclin-1 and LC3 using western blot analysis. Beclin-1 and LC3 expression in benign prostatic hyperplasia (BPH) was found to be higher compared to that in prostate cancer (PCa). Table I (Table I) . Beclin-1 expression exhibited a negative correlation with Bcl-2 (r=-0.402, P<0.001), whereas LC3 expression exhibited a positive correlation with Beclin-1 (r=0.345, P=0.001) and a negative correlation with Bcl-2 (r=-0.216, P=0.035).
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Discussion
The phenomenon of autophagy is commonly encountered in eukaryotic cells. The autophagic process may be initiated by nutrient starvation, growth factor withdrawal, oxygen deficiency or protein misfolding. In addition, when amino acid concentration decreases, autophagy is induced to produce amino acids required for cell survival. When the supply of amino acids is increased, autophagy is suppressed. As regards the role of autophagy in tumorigenesis and tumor progression and its level in different organs of tumor patients, in the same organ with different types of tumors, or even in different development stages of the same tumor, the results vary widely among different studies. Autophagy may remove damaged organelles, thus contributing to gene stability and suppressing cell malignant transformation. Furthermore, as a type of protective mechanism, autophagy protects cancer cells against damage from a low supply of nutrients, ionizing radiation and chemotherapy (5, 6) . In addition, excessive autophagy and autophagic cell death may inhibit carcinogenesis. Therefore, we hypothesize that autophagy acts as a double-edged sword regarding tumorigenesis and tumor progression. Autophagy-related genes Beclin-l and LC3 may suppress tumor growth by inducing autophagy. Therefore, they are considered a potential therapeutic target in cancer management. It was previously reported that deletion mutations of the Beclin-1 gene were detected in 75% of ovarian cancers, 50% of breast cancers and 40% of PCas (16) . We used western blot analysis to detect the expression of Beclin-l and LC3 in PCa and BPH tissues. None of the patients had received the 5α-reductase inhibitor, in order to minimize the interference factors induced by oxygen deficiency and starvation. Following in vitro sectioning, the surgical specimens were immediately immersed in cell culture solution and total protein was extracted after 30 min. The results demonstrated that the expression of Beclin-1 and LC3 was lower in PCa compared to BPH tissues (P<0.001), as previously described in the literature and indicated that the reduction of Beclin-1 and LC3 expression may be associated with the development of PCa. However, there were no significant differences between tumors of different Gleason scores (P>0.05). Therefore, whether autophagy is associated with tissue differentiation and the prognosis of PCa remains unclear. However, for PCa patients under androgen ablation treatment, autophagy may exert a protective effect on PCa cells. It was previously indicated (13, 14) that androgen deprivation may decrease the phosphorylation of p70S6K. Considering that p70S6K is a readout of mammalian target of rapamycin (mTOR) activity and a downstream effector of mTOR, androgen deprivation may induce autophagy in LNCaP cells. Therefore, PCa cells may exploit the autophagic pathway to antagonize apoptosis during androgen ablation therapy, at least for a short period of time, and finally become androgen-independent. When autophagy was inhibited, LNCaP cell apoptosis was significantly increased in the absence of dihydrotestosterone (13, 14) .
Subsequently, we aimed to investigate whether autophagy in BPH tissues is induced in the absence of androgen and elucidate the role of autophagy in the development of BPH. The number of available studies on the association between autophagy and BPH is limited. A previous study reported that the number of autophagosomes was significantly increased in prostate epithelial cells of castrated rats (17) . We compared the protein expression of LC3 and Beclin-1 using IHC analysis between patients who had received 5α-reductase inhibitor and those who had not, since the 5α-reductase inhibitor may reduce androgen levels in the body (18) . Subsequently, we analyzed its correlation with the apoptosis-related genes p53 and Bcl-2.
It has already been confirmed that a variety of tumors are closely associated with the apoptosis-related genes p53 and Bcl-2. Bcl-2 may increase the risk of tumorigenesis and promote tumor progression through the inhibition of cell apoptosis (19, 20) , whereas mutations of wild-type p53, one of the tumor suppressor genes in normal cells, may promote cell proliferation and cancer development (21, 22) . Wild-type p53 is difficult to detect with IHC analysis. By contrast, mutant p53 exhibits the characteristics of long half-life and accumulation in the tumor cell nucleus. Therefore, Oka et al (23) suggested that all the p53 protein detected in tumor tissues with IHC was of the mutant type. In addition, autophagy-related genes are closely associated with p53 and Bcl-2. The upregulation of Beclin-1 expression in mammalian cells may induce autophagy; however Bcl-2 binds to Beclin-1 and inhibits autophagy. Therefore, the cells may escape death and produce cumulative variation, ultimately leading to cancer development (24) (25) (26) . The tumor-suppressor gene p53 may induce the transcription of insulin-like growth factor binding protein-3 (IGF-BP3), phosphatase and tensin homolog (PTEN) and AMP-activated protein kinase (AMPK)-β1 under the condition of response. These proteins may induce autophagy through downregulation of the IGF/AKT-1̸mTOR signaling pathway, thereby inhibiting cell growth, division and proliferation (27) .
In our study, the expression of Beclin-1 and LC3 in the 5α-reductase inhibitor group was significantly higher compared to the control group. However, the expression of Bcl-2 and p53 was lower (P<0.05), indicating that autophagy was induced in BPH tissues due to lack of androgen. We hypothesized that the underlying mechanisms are the result of the androgen reduction as follows: the gene expression of several transport glycoproteins and amino acids was restrained and the mTOR signaling pathway was downregulated, thus enhancing autophagy (28) . Ischemia and oxygen deficiency in prostate cells resulted from reduction of blood flow in the microcirculation. Under these conditions of nutrient starvation, autophagy was induced (29) . Futhermore, Beclin-1 expression exhibited a negative correlation with Bcl-2 (r=-0.402, P<0.001). LC3 expression also exhibited a negative correlation with Bcl-2 (r=-0.216, P=0.035). The autophagic process was promoted in the 5α-reductase inhibitor group, accompanied by a reduction of Bcl-2 and p53.
Therefore, the promotion of autophagy provides adequate protection to cells from canceration, including BPH tissue cells in patients who received 5α-reductase inhibitor. Our study has demonstrated that the expression of Beclin-l and LC3 was upregulated and associated with p53 and Bcl-2 in BPH patients who had received 5α-reductase inhibitor. This may reduce the risk of PCa, in accordance with previous studies suggesting that finasteride (a type of 5α-reductase inhibitor) may lower the risk of PCa, although an increase the pathological grade of PCa was observed (30) (31) (32) . In conclusion, autophagy-related genes are crucial in the development of PCa and the canceration of BPH cells, even in the transitional stage of PCa from androgen-dependence to androgen-independence.
A previous study demonstrated that autophagy restraint may enhance apoptosis induced by 5-FU (33) . Another study reported that after receiving a low dose of radiotherapy, the phenomenon of autophagic vacuole accumulation was observed in the cells of PCa, breast and colon cancer. Autophagic vacuoles as a defence mechanism may protect cells against radiation. If the formation of autophagic vacuoles is inhibited, the mortality rate of cells receiving radiation may be higher (34) . Kessel et al (35) also reported that anticancer drugs XK469 and its analogue SH80 may induce autophagy and cause tumor cell growth stagnation at the G2/M phase, leading to the elimination of chemoresistance.
In conclusion, autophagy inhibitors or autophagy revulsants, used alone or combined with other anticancer drugs, have achieved promising results. The assessment of the status of Beclin-l and LC3 may prove useful in the treatment of PCa and the prevention of canceration in BPH patients.
